Abstract
Introduction

22
Insects are susceptible to a variety of pathogens, which can result in chronic or 23 lethal infections (Burden et al., 2003) . Historically, viruses have been isolated and 24 subsequently studied after the observation of overt disease symptoms in the host. (Graham et al., 2015) .
32
The cotton bollworm, Helicoverpa armigera, is one of the most important Bt toxin (Xu et al., 2014 
Virus detection and quantification
119
A partial sequence exhibiting high similarities with known iflaviruses was 120 identified from the RNA-seq data. For the detection of the novel virus, a pair of 121 specific primers, VPF1/VPR1 (Table S1 ) were designed to amplify a PCR product of 122 593bp, according to the assembled sequence of the virus in H. armigera. The PCR
123
program used was as follows: 30s at 94°C, 30s at 57°C, and 30s at 72°C for 40 cycles.
124
To assess the detection threshold of the virus assay, a 10-fold dilution series of cDNA
125
(3.37×10 9 to 3.37×10 1 copies/μl) containing the virus was made and tested using the 126 VPF1/VPR1 primers. 10μl of each PCR product was analysed by agarose gel 127 electrophoresis.
128
Copy numbers of the novel virus were quantified using a standard curve by an with the virus and treated according to the method described by Xu et al. (2014) .
169
Third instar larvae originating from these eggs were also sampled to quantify the copy 170 number of the virus.
171
To examine the virus infection in different body tissues of the host, infected 172 fifth-instar larvae were dissected into foregut, midgut, hindgut, hemolymph, 173 malpighian tubules and fat body, using a fresh scalpel for every cut to avoid virus 174 cross contamination. In addition, infected females and males were dissected into brain, muscle, wing, malpighian tubule, fat body, ovary/testis and gut as described above.
176
Total RNA was extracted from the different body parts (both larval and adult stages)
177
and cDNA was used as a template to quantify the copy numbers of the virus by qPCR.
178
The cDNA sample of each body part was replicated three times. The copy number of 179 the virus in each tissue was calculated, and these were summed to determine total 180 copy numbers of the virus in each individual. (Fig. 1A) , the GXCG and GXHXXG conserved motifs in the protease 233 sequences (Fig. 1B) and the eight conserved domains in the RdRp amino acid 234 sequences (Fig. 1C) 
Sensitivity of detection
243
An amplification product could be visualized by ethidium bromide staining when 244 as little as 3.37×10 3 copies/ul of HaIV in cDNA were used as template (Fig. S3) .
245
Transmission of HaIV
246
The virus was capable of being vertically transmitted from both infected males 247 and females, but the transmission efficiency was relatively low (< 28.6%) and that 248 from infected females was higher than that from infected males ( HaIV, whereas larvae hatching from eggs treated with sodium hypochlorite solution 255 contained no more than 3.71×10 2 copies/mg of HaIV (n=10), suggesting that 256 transovum transmission was occurring via the surface of eggs (Fig. 4) .
257
To examine horizontal transmission, NONINF strain neonates were exposed to copies /μl (Table 3) . To examine the transmission efficiency through frass of larvae,
261
we placed NONINF strain neonates in diet cells which had previously housed infected 262 insects (n=12) and quantified the copy number of the virus in frass of larvae. The results showed that the frass contained no more than 10 6 copies /mg (Fig. 5) . However, 264 75% (9 of 12 samples) of NONINF strain individuals could be infected via horizontal 265 transmission by frass (Fig. 6) .
266
Host tissue distribution
267
The copy number of the virus in different body tissues of H. armigera was 268 quantified by qPCR. In both larvae and adults, the virus titers in the fat body were 269 significantly higher than in other tissues: larvae: F = 11.32, df = 5,12, P < 0.001 ( Fig.   270 7A); adult females: F = 11.57, df = 6,56, P < 0.001 (Fig. 7B) ; adult males: F = 2.89, 271 df = 6,21, P=0.033 (Fig. 7C) . The virus was also detected in female ovaries and male
272
testes, but at lower titers than in fat body. 
Virus morphology
282
The virus particles purified from H. armigera were observed by using an 283 electron microscope. They had an isometric appearance and an approximate diameter 284 of 30nm (Fig. 9) . Table S3 . 
